The article covers the results of a survey of the vascular flora of the peat-bogs and forest swamps of the Kotlina depression in southern Poland. Unexpected concentrations of calcicolous plants are shown to exist and the factors governing their presence are discussed. The discovery of previously unexpected glacial relicts is also examined in the context of the area's importance in phytogeographical studies of Eastern Europe. A number of observed, but unexplained, discrepancies in the distribution of a small number of relic species have been identified and are given as possible worthwhile lines of further research.
Introduction
The Kotlina Orawska-Nowotarska basin is an ancient alluvial plain nestled in the foothills of the Tatra Mountains of southern Poland (Fig. 1 ). Orientated east west at an average altitude of around 650m and up to 14 km wide (north/south), it straddles the Polish/Slovak border near Jabłonka in the west and stretches for over 40 km to beyond the town of Nowy Targ in the east. Long-known to naturalists for its numerous raised peat-bogs, it is home to some of Poland's rarest glacial relic plants.
This paper arises from a new survey of the plant cover of the Orawska Nowo-Tarska depression. The survey was primarily aimed at cataloguing the plants of the area although, in this report, we shall limit ourselves to describing the Kotlina's unexpected calcicolous flora, along with four new additions to the list of glacial relicts found there.
Material and Methods
Of the thirty peat-bogs quoted by Łajczak (2007) nineteen were selected for study because of their vegetation (Fig. 2) . The crucial factor in this choice was the bog's retention of significant areas of ericaceous plant cover dating back to pre-anthropic times. In the Orawska depression such areas are characterised by the dominance of Erica uliginosum, E. oxycoccus spp, Ledum palustre, often associated with Andromeda polifolia and Empetrum nigrum.
The study area was visited regularly (at least weekly) during the growth period, over a period of years and the results published here are based on such work carried out continuously from 2013 to the present.
This systematic approach has enabled us to ascertain which plants were of particular interest for study and precise GPS coordinates of all stations of these were recorded. In the case of plant populations covering areas where reduction to a fixed point would have been illusionary (e.g. Epipactis palustris, Carex diandra, C. lasiocarpa, etc.) coordinates were taken at representative spots on population edges.
For reasons of expediency, identifications were not taken beyond the species level, particularly in cases where doubt has been cast on their taxonomic value: for example Vaccinium microcarpus (See Stace 2005) . For similar reasons, a number of taxons were grouped together as aggregations and labeled agg (e.g. Carex flava & C. serotina = C. flava agg.). The more notorious ones, such as Taxus, and Euphrasia, were recorded in the same way. 
Results

Clusters of calcicolous plants
We had already noticed that old pits dug into the peat of the Puścizna Rękowiańska bog (N o 13), and now flooded with water, were teaming with life intolerant of truly acidic conditions. However, it was the observation of long lists of calcicolous plants (Tables 1, 2 & 3) that brought our attention to the existence of a calcicolous flora in certain areas. Though all these plants have a very restricted distribution in the Orawska depression itself, most have a wide distribution in Poland as a whole.
In order to map out those parts of the Kotlina depression possessing a neutrocline to calcicline flora with an acceptable degree of accuracy we have plotted the GPS sites of those plants requiring a neutral to alkaline substrate (Tables 1, 2 & 3). The plot reveals the existence of clusters and these are shown in Fig. 3 .
Relic plants new to the area
The discovery of four previously unrecorded representatives of past plant cover was an unexpected bonus from our survey. Marsh Clubmoss (Lycopodiella inundata (L.) Holub) was last reported from the Polish part of the Kotlina basin by Lubicz-Niezabitowski (1922) towards the end of the first quarter of the twentieth century. However, in 2012, we found a small patch near the narrow gauge railway of the Puścizna Wielka peat workings. Following this initial discovery, the plant was seen again the following year by A. Koczur who finally brought the plant's presence to the attention of the botanical community in 2014.
Because of the site's vulnerability due to continued peat extraction, the present author has transplanted approximately a dozen shoots to suitable spots within a 200m radius of the original site. The discovery is obviously interesting, but it should be borne in mind that Marsh Clubmoss is a plant with a marked Atlantic distribution and remains an untypical representative of the Polish flora. It may, indeed, be unfair to consider it a true glacial relict, the species in Poland simply being a remnant from a climatic optimum during the Holocene.
More interestingly, the survey led to the discovery of two rare boreal sedges growing far outside their previously known Polish range -the String Sedge (Carex chordorrhiza Ehrh) and the Hudson Bay Sedge (C. heleonastes Ehrh. Ex L.f.) Fig. 5 .
String Sedge was first seen in 2014 growing in a small lightly depressed area (< 22 m 2 ) of permanently water-logged ground in a transitional area of the eastern part of the Puścizna Rękowiańska bog (N o 13). Such a discovery, however, cannot be said to be entirely unexpected as an isolated station was already known only 18 km to the south-west on the Slovakian side of the frontier near Chyżne.
Three hundred metres to the west of the String Sedge site, and two years later, a few plants of Hudson Bay Sedge were discovered in a minute area (<1m 2 ) growing along with the Fewflowered Spike-rush (Eleocharis quinqueflora (Hartmann) O.Schwartz) and Dioecious Sedge (Carex dioica L.). Recent prospection has now revealed that the plant is more widely distributed in this part of the Puścizna Rękowiańska bog (N o 13) than originally thought and we have now seen it growing in several places further to the East of the original site. All sites, however, consist of very few plants and are easily missed.
Away from the bogs and peaty areas, the survey has revealed the presence of a boreal plant previously recorded from only a single locality 24 km to the south-east in the Tatras National Park. Piękoś-Mirkowa (2008) considered the Long-leaved Stitchwort Stellaria longifolia H. L. Mühl. Ex Willd. (Fig. 6 ) to be critically endangered there. However, our survey has demonstrated its presence in more than a dozen sites in the Orawska basin. There, in all but one of these sites, it grows under wet spruce in small well-defined populations scattered from the Otrębowskie Brzegi bog (N o 1) in the west to the Cyrla bog (N o 15) in the east. In none of these stations does it seem to be in danger. 
Anomalies of distribution
The survey has shown a number of representative taxons to be inexplicably absent from some of the peat-bogs. Crowberry (Empetrum nigrum L.), for example, is abundant on only four of the bogs, yet poorly represented or absent on the others. Comparable anomalies have also been detected in the distribution of Northern Bilberry (Vaccinium uliginosum L.), Crested Buckler Fern (Dryopteris cristata (L.) A. Gray) and of the two Dwarf Mountain Pines Pinus mugo & P. xrhaetica.
Discussion
Clusters of calcicolous plants
Tokarski et al (2012) reported the presence of limestone clasts in the alluvial deposits underlying the peat-bogs. Such a calcareous fraction, if sufficiently important, would affect the chemistry of the water table and we suggest that it is this fraction's influence that has enabled not only the existence of a thriving fauna in the flooded pits, but also the presence of the observed islands of calcicolous vegetation. Indeed, pH measurements made over large tracts of, for example the Puścizna Rękowiańska bog (N o 13), have given readings near to, or just below, neutral -one site even recording a pH as high as 8.0.
Glacial relics new to the area
String Sedge and Hudson Bay Sedge, are both considered to be the remnants of a past flora dating back to the early stages of the Holocene. Their present geographic distribution is, indeed, concentrated in the boreal latitudes of North America, Russia, and Europe and the two polish maps (Fig. 7) fall into this overall picture. The newly discovered localities lie well outside the major part of their polish range and so they should, perhaps, be considered as vestigial outliers in the same way as those mentioned by Danton & Baffray (1995) for France and Lauber & Wagner (2007) for Switzerland.
The Kotlina depression has long been known to polish botanists and so the discovery of the Long-leaved Starwort was a complete surprise, particularly as we have not been able to find a single reference to its presence there. The existence of not just one, but of more than a dozen sites, underlines the importance of the Orawska basin in phytogeographical studies of Eastern Europe.
Anomalies of distribution
The absence of a number of characteristic taxons from some of the peat-bogs undoubtedly reflects past events that have affected the Kotlina Orawska depression. Crowberry (Empetrum nigrum) is a case in point. Now widely dominant on only four of the bogs studied, its occurrence elsewhere has been severely affected by drainage which in some cases has meant that only a few shrubs survive. A large isolated patch, growing under wet spruce in the forest south-east of Jabłonka and well away from any peat-bog, does however suggest the existence of a less restricted distribution before the advent of drainage-ditches.
The distribution of the Crested buckler-fern (Dryopteris cristata (L.) A. Gray) is the result of events that are not clear. Present in isolated clumps in almost every transitional area surrounding the bog domes, it is found in abundance on the Puścizna Rękowianska bog (No 13). Excepting a small additional area on the Franków Przymiarki bog (No 16), nowhere else have we observed such striking stands and future field botanists studying the area will be left to discover the rational explanation we have not managed to find.
Intriguing anomalies have also been noted in the distribution of the Northern bilberry (Vaccinium uliginosum) plus the two Dwarf pines Pinus mugo and P. xrhaetica and are worth investigating.
Conclusions
The survey has located and defined the areas of special biodiversity and added four new rare relic plants to the flora of the region. Abnormalities in the distribution of certain key plants are brought to the attention of the reader and are suggested as worthy subjects for further research.
Drying out has long been a problem for the Orawska peat-bogs and the decrease in maintenance of many drainage ditches has never been enough to stop the process. The recent expansion of beavers into the area has meant that their activities have slowed down water flow and this will inevitably go some way to slowing down further desiccation. However, the increase in size of the area's wet-lands concomitant with their work means that it is important that the effects on the flora and general vegetation be properly monitored.
Tab 1: Indicators of basic substrates (classification after Zarzycki et al. 2002) .
Tab 2: Indicators of neutral substrates (classification after Zarzycki et al. 2002).
Tab 3: Indicators of non-acidic substrates (classification after Zarzycki et al. 2002) .
